Context/Objective: Medically serious pressure injuries (MSPrIs), a common complication of spinal cord injury (SCI), have devastating consequences on health and well-being and are extremely expensive to treat. We aimed to test the efficacy of a lifestyle-based intervention designed to reduce incidence of MSPrIs in adults with SCI. Design: A randomized controlled trial (RCT), and a separate study wing involving a nonrandomized standard care control group. Setting: Rancho Los Amigos National Rehabilitation Center, a large facility serving ethnically diverse, low income residents of Los Angeles County. Participants: Adults with SCI, with history of one or more MSPrIs over the past 5 years: N=166 for RCT component, N=66 in nonrandomized control group. Interventions: The Pressure Ulcer Prevention Program, a 12-month lifestyle-based treatment administered by healthcare professionals, largely via in-home visits and phone contacts. Outcome Measures: Blinded assessments of annualized MSPrI incidence rates at 12 and 24 months, based on: skin checks, quarterly phone interviews with participants, and review of medical charts and billing records. Secondary outcomes included number of surgeries and various quality-of-life measures. Results: Annualized MSPrI rates did not differ significantly between study groups. At 12 months, rates were .56 for intervention recipients, .48 for randomized controls, and .65 for nonrandomized controls. At follow-up, rates were .44 and .39 respectively for randomized intervention and control participants. Conclusions: Evidence for intervention efficacy was inconclusive. The intractable nature of MSPrI threat in highrisk SCI populations, and lack of statistical power, may have contributed to this inability to detect an effect. Trial Registration: ClinicalTrials.gov NCT01999816
Introduction
Individuals with spinal cord injury (SCI) remain at high risk of incurring medically serious (stage 3 or stage 4) pressure injuries (MSPrIs) even after receiving education and training in prevention techniques (e.g. pressure redistribution practices, skin checks, incontinence management) during rehabilitation. 1, 2 These same individuals face an uphill battle in preventing MSPrIs once they return home and in the years following discharge from post-acute rehabilitation. 3 Consequently, MSPrIs remain one of the most frequent and costly reasons for unplanned hospitalizations among individuals with SCI. 4 Not only can MSPrIs be life-threatening, they can also limit participation and compromise quality of life.
SCI-Related Pressure Injuries: Prevalence and Risk
Estimates of the prevalence of pressure injuries (PrIs) in community-dwelling adults with SCI vary in accordance with study characteristics such as the method of PrI detection, date of study, and patient variables (e.g. country of origin or time since spinal cord injury). In the majority of samples, prevalence rates for PrIs of all stages have ranged from 15-37%. [5] [6] [7] [8] [9] The percentage of all PrIs that are medically serious approximates 25%, 6, 10, 11 which suggests that in typical SCI populations the prevalence of MSPrIs is likely to average somewhat below 10%. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] A number of studies have identified correlates of PrI development in populations with SCI. Among these studies, risk factors have included such considerations as prior history of PrIs, spinal cord injury completeness, presence of co-morbidities, advancing age, lack of high school education, unemployment, smoking, poor diet, lack of fitness, and difficulty performing skin care procedures. [15] [16] [17] An important additional risk consideration is membership in a socioeconomically disadvantaged or severely impoverished group. Individuals from impoverished subgroups must contend with the impact of social determinants that have been linked to inequality of health such as limited access to essential facilities and services, substandard material living and working conditions, and the unavailability of nutritious and affordable food. 18 To a greater extent than other SCI populations, this group also has to negotiate a variety of other pervasive and often uncontrollable factors that potentially contribute to the development of MSPrIs such as inadequate transportation, life chaos, lack of knowledge surrounding prevention, emotional instability, and increased crisis situations such as homelessness. 19 The results of a qualitative study brought this issue to light in that socioeconomically disadvantaged community-dwelling individuals with SCI were in perpetual danger of developing MSPrIs due to unpredictable events in daily life that ranged from seemingly innocuous (e.g. wearing ill-fitting hand-me-down shoes, sleeping on a dilapidated mattress, lacking funds for equipment purchase or repair) to highly disruptive (e.g. incarceration, extremely poor caregiving, or an untreated acute illness). 20, 21 These findings suggest that interventions that focus on distinct techniques (e.g. positioning, electrical stimulation) or isolated factors (e.g. insufficient PrI education) may be too narrowly focused and, therefore, ineffective in reducing the MSPrI threat for high-risk, socioeconomically disadvantaged individuals with SCI. 22 
Prior Studies of Complex Preventive Interventions
Only six prior studies have directly tested the efficacy of complex, behavioral interventions in preventing or managing MSPrIs in people with SCI. [23] [24] [25] [26] [27] [28] Each tested intervention included a combination of education on prevention behaviors and periodic follow-up with a healthcare provider, although the intensities varied widely. For example, one study had six planned contacts over 12 months 23 and another used weekly contacts for 10 to 12 weeks. 26 Results were null or inconclusive in all studies. However, each of the studies had one or more serious methodological problems that precluded the ability to provide a valid test of efficacy. Such problems included: (a) insufficient power or lack of power analysis 23-28; (b) poor intervention fidelity 23, 24 ; and (c) low participant adherence. [23] [24] [25] Therefore, it is arguable that behaviorally based interventions for preventing MSPrIs have yet to be adequately tested. Also of note, in all but two of the above six studies the primary mode of intervention delivery was via telephone or video phone, suggesting that the effectiveness of not only telehealth, but also of other approaches, needs to be rigorously assessed through well-designed studies in the future.
Rationale for Current Study
Due to the need to address limitations of previous studies and document effective MSPrI prevention interventions, particularly among socioeconomically disadvantaged individuals with SCI, we conducted a community-based RCT, known as the University of Southern California (USC) -Rancho Los Amigos National Rehabilitation Center (RLANRC) Pressure Ulcer Prevention Study (PUPS), from 2008 to 2013. The goal of this study was to identify an efficacious and cost-effective strategy for preventing MSPrIs in order to enhance health and quality of life among individuals with SCI, and consequently reduce the extremely high medical cost that results from treating advanced PrIs. Unlike the behaviorally based interventions previously examined, the intervention tested in this study: (1) targeted socioeconomically disadvantaged individuals with a past history of MSPrIs;
(2) incorporated a broad spectrum of lifestyle/participation dimensions; (3) facilitated participants' ability to implement sustainable, individualized preventive measures into their daily routines; (4) responded to the study population's risk-inducing life circumstances; and (5) included continuing face-to-face contact between therapists and clients over a 12-month period. The study's specific aims were as follows:
(1) To assess the intervention's ability to reduce the incidence of MSPrIs during both the treatment year and the subsequent 12-month interval. (2) To examine the intervention's effects on the following secondary outcomes: incidence of PrI-related surgeries, participants' health-related quality of life, satisfaction with life, and depression during the above two periods. (3) To model the intervening process mechanisms that mediate intervention effects.
Methods
A previous publication presents a detailed description of the methodological and logistical issues of PUPS. 29 Methodology for the above aims is described below.
Study Design
This study was a single-site, single-blind RCT that compared the lifestyle intervention entitled Pressure Ulcer Prevention Program (PUPP) to usual care. Figure 1 Participants were assessed on demographic, primary and secondary outcomes, and moderating/mediating variables at baseline ( pretest, prior to randomization), 12 months, and 24 months. The assessment was multifaceted and included: (1) medical chart review; (2) skin examinations performed by specially trained nurses; and (3) questionnaires administered by trained university students. Additionally, during quarterly phone interviews we collected information about MSPrIs and health care utilization from the participants. All personnel involved in gathering these data were blinded to participant group assignment.
In the mediation model of facilitated intervention effects, 29 we posited that increased self-efficacy, 30 ); (4) willing to undertake recommended lifestyle changes for MSPrI prevention 29 ; and (5) residing within 100 miles of RLANRC. Participants were excluded if they: (1) were ambulatory; (2) were less than 6 months post-injury; (3) had an unstable or worsening stage 3, or any stage 4, PrI present; or (4) participated in any of our prior research studies.
Figure 1. Assessment Procedures by Study Month
Based on the findings of two preliminary studies, we determined that a sample size of 160 participants was necessary to adequately power this study for the primary outcome of annualized MSPrI incidence. We arrived at this estimate in a twofold manner. First, a review of RLANRC medical charts found an annualized mean MSPrI rate of 1.33±1.15. In the second preliminary study, two independent raters analyzed qualitative data to estimate the probability (0%-100%) that the PrIs would not have arisen or otherwise advanced to stage 3 or stage 4 had the individual with SCI received a multifaceted, intensive, lifestyle-based intervention. This resulted in mean decreases in MSPrI incidence estimates of 61.7% during the intervention and 56.4% in the following, post-intervention year. Based on these findings, we expected the annualized mean of 1.33 to decrease by half (d=0.578). Sample size calculations indicated that 112 participants (=160 reduced by 30% for attrition) would be necessary for 80% power to detect this posited (50%) reduction in MSPrI incidence using a 2-sided hypothesis test with an alpha level of 0.05.
Furthermore, when we began the study, we did not consider that the quarterly phone interviews conducted with RC participants could potentially function as an "intervention." In other words, by merely asking RC participants PrI-relevant questions, we inadvertently may have made them aware of certain issues (e.g. the integrity/state of their skin). As a result, they might have altered their behavior. To assess the magnitude of this effect, we obtained university funding in November 2011 to recruit 70 additional participants to document the MSPrI rate among controls whose prior PrI histories were comparable to participants in the main study, but who received neither the intervention nor quarterly phone calls. This latter, nonrandomized group, which we term the No-Contact Control group (NCC), was followed for only one year, without quarterly contact. At baseline and after 12 months of study enrollment, we assessed NCC participants via skin checks and medical chart review, and administered a streamlined set of the same questionnaires that we used with the randomized groups. Inclusion of the NCC group enabled us to conduct a prospective observational comparative study to supplement and clarify findings of the main RCT.
Procedures
We recruited the experimental study sample from February 2009 to November 2011 and the NCC group from January 2012 through February 2013. All recruitment took place at RLANRC, which treats primarily low income, minority residents of Los Angeles County -one of the most medically underserved populations in the US. To successfully attract prospective participants, we adopted strategies to ensure cultural sensitivity, gain trust, and build rapport among the RLANRC patients accessing services in either the Spinal Cord Injury Primary Care or Pressure Ulcer Management clinics. 19, 29 To this end, we enlisted a bilingual, Hispanic member of our investigative team to oversee the recruitment process for both the main experimental and the observational control studies. We also assembled a culturally diverse recruitment team, including two bilingual Hispanic recruiters, an African American recruiter, and an individual with SCI. Staff and clinicians employed in the Spinal Cord Injury Primary Care or Pressure Ulcer Management clinics assisted in recruitment by endorsing the study and referring prospective participants. Prior to study enrollment, each participant completed the RLANRC IRB informed consent process. All study protocols and modifications were approved by the RLANRC IRB. An external data safety monitoring board (DSMB) semi-annually monitored study progression. Patients were financially compensated for testing, skin checks, and quarterly phone interviews.
Intervention and Control Group Protocols
The PUPP intervention consisted of six modules and was fully manualized. In general, this lifestyle-based intervention was designed to instill knowledge on prevention and application to a person's unique life Participants randomized to the intervention (RI) group received ongoing and intensive exposure to the PUPP modular content, which included information, activities, and exercises. Designed to increase prevention-facilitating behaviors, the program emphasized choice, skill mastery, and coaching, while also incorporating motivational interviewing techniques. 35 The intervention was ultimately aimed at enabling participants not only to gain a more comprehensive awareness of the impact of lifestyle factors on PrI risk, but also to be highly motivated and able to ensconce sound, personally relevant MSPrI prevention strategies into their daily routines on an ongoing basis. Sessions were individually tailored based on professional judgement and participant need. [36] [37] [38] [39] During each session, the interveners implemented a carefully selected combination of the practices listed in Table 2 . The intervention and assessment visits occurred in participants' homes or a location of their choosing and were conducted in English or Spanish based on participant preference. Professional guidance was an essential element of PUPP. Therefore, licensed occupational therapists delivered the intervention and consulted with registered nurses when medical wound care issues arose. The intervention was divided into an intensive 
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The Journal of Spinal Cord Medicine 2017 phase (months 1-6) followed by a tapered phase (months 7-12). The schedule of contacts is indicated in Supplementary Material 1. During the intensive phase, pre-planned weekly contact included nine faceto-face one on one home sessions and fifteen telephone calls. The fixed elements of each module (see Table 1 ) were delivered primarily in the intensive phase. During the tapered phase, contact was bi-weekly and included two in-person one on one home visits and nine telephone calls. Contacts in the tapered phase centered on review of prevention practices, reinforcement of personalized lifestyle applications, and responses to emergent risk situations. Throughout the intervention, face-toface sessions lasted on average 1.5 hours, and phone call duration averaged 30 minutes. Additionally, intervention participants were encouraged to contact their occupational therapist if they detected a new PrI or experienced an event that elevated their MSPrI risk. In such cases, if necessary, the occupational therapist or nurse made an in-home incident visit. Finally, during the intervention, all RI group participants were provided with up to $400 to cover the costs of preventionrelated equipment, and were given a consumer manual developed in connection with our preliminary qualitative study. This manual contains descriptive information, written in lay language, about a host of issues that pertain to pressure injury prevention. Several aspects of the intervention reflected the intent to treat a socioeconomically disadvantaged population. Such adaptations included: (a) specialized safety training for interveners, who frequently needed to travel into dangerous neighborhoods when performing inhome visits; (b) during weekly therapist meetings, open discussion of participants' emergent issues pertaining to extreme poverty or crime; (c) greater-than-usual attention devoted to issues such as homelessness or substance abuse; (d) use of therapist-client matching on language, sex (when possible), and ethnicity, so as to establish rapport with potentially distrustful participants; and (e) enactment of a relatively intensive treatment plan, as a means of heightening dosage in response to an anticipated extremely high PrI risk.
To ensure that the intervention protocol was properly implemented, we adhered to a multi-faceted treatment fidelity plan consistent with guidelines for monitoring complex interventions. [48] [49] [50] According to this plan, interveners received 30 hours of standardized training, were assessed monthly in session delivery using a standardized rating scale, and attended weekly troubleshooting meetings to mitigate protocol drift. [50] [51] [52] All interveners were blind to the study hypotheses and design. RC group participants did not receive any studybased intervention. However, along with the RI group, they had continual access to the services provided to all SCI clients at RLANRC. Standard care included clinic visits to undergo skin checks and receive necessary medical treatment (e.g. cleansing, bandaging, surgery, hospitalization) and advice (e.g. recommendations for rest) when a PrI was present. Beyond this, following their study involvement RC participants were given a copy of the PUPP Consumer Manual, up to $400 to cover the cost of PrI prevention-related equipment, and one in-home visit by an occupational therapist and a nurse who presented educational information on MSPrI prevention.
Study Outcomes and Measures
The annualized incidence rate of MSPrIs (stages 3 and 4) was the primary study outcome. If an unstageable PrI or deep tissue injury was identified, it was also classified as an MSPrI. Because MSPrI stage is often difficult to determine (e.g. wounds may appear and heal within less than 12 months), we collected PrI-relevant data from several sources and used the following multitiered process to reconcile any discrepant findings.
In Tier 1, study-blinded (to group assignment and study hypotheses) nurses trained in PrI staging performed skin checks at baseline, 12, and 24 months and administered the Bates-Jensen Wound Assessment Tool (BWAT). 53 The BWAT includes the following 13 wound characteristics, each rated on a scale from 1 (best) to 5 (worst): size, depth, edges, undermining/ 53 Following the skin check and BWAT, the nurses classified each PrI into a stage. In addition, patients and study team members also identified and reported PrI occurrences and stages -the patients during quarterly phone interviews, and the study team members while reviewing participants' medical charts and billing records, including those from non-RLANRC providers. In Tier 2, two additional nurses trained in wound categorization (also unaware of study hypotheses and treatment assignments) independently reviewed the wound data of each PrI identified in Tier 1. These nurses carefully verified that all wounds reported were in fact PrIs (and not non-pressure wounds such as diabetic ulcers), confirmed whether the PrIs were medically serious, and ensured that PrIs were not double counted from multiple sources or over a long time span. Concurrently, the nurses examined medical and billing records to assess incidence of PrI-related surgeries (secondary outcome).
Finally, in Tier 3, a PrI reconciliation team comprised of four research team members who were blinded to treatment assignment reviewed the Tier 2 MSPrI occurrence data. All inconsistencies in PrI and/or surgery counts, or in PrI stage, were resolved through discussion. If necessary, the team consulted with a wound care specialist.
We measured the remaining secondary outcomes and mediating variables 2,54-60 using the instruments presented in Table 3 . We selected these scales for their brevity, sensitivity, language (English or Spanish), and/or previous validation for use with people with SCI. Assessments available only in English were translated into Spanish and reviewed by a committee for accuracy. [61] [62] [63] Descriptive measures included participant demographics, SCI factors (i.e. completeness of spinal cord injury, extent of paralysis, years since SCI), and selfreported comorbidities (e.g. diabetes, urinary tract infection). We attempted to gather information about substance abuse, but later found that the data were unreliable. For example, many participants who reported current or former substance use at baseline later indicated that they never used the same substance. Therefore, we excluded these variables from our analyses. We also collected data on adherence/process variables associated with intervention delivery, including number of in-home preplanned intervention sessions attended and phone contacts, client-initiated phone calls, and in-home incident visits.
Statistical Analyses
All data entry, data management, and statistical analyses were performed through the project's data analysis center. We used recommended algorithms to calculate summary scores on each assessment. Missing responses were accommodated using each instrument's specifications.
We obtained baseline descriptive statistics for all study variables for the entire sample and for the RI, RC, and NCC groups separately. We calculated means, standard deviations, and ranges for continuous variables and frequency distributions for categorical variables. We performed Fisher's exact tests or analyses of variance to test for demographic and injury-related differences at baseline between the RI, RC, and NCC groups.
For the intent-to-treat (ITT) analysis, we ran Poisson regression analyses of between-group (RC vs. RI) differences in the number of MSPrIs over the 12-month 
Changes in mediators, covariates, and secondary outcome variables from baseline to 12 months were assessed within treatment group using paired sample ttests, and across treatment groups using independent sample t-tests. Although we originally planned to use structural equation modeling to examine the hypothesized intervention mediation model, the ITT findings (see Results section) rendered the rationale for this analysis unsuitable. Consequently, we conducted ANOVAs and ANCOVAs as described above, treating the mediating variables as potential secondary intervention outcomes.
Results

Recruitment and Allocation of Experimental Study Cohort
Approximately midway into the study, preliminary blinded analysis of MSPrI incidence indicated that the number of serious PrIs in the total sample was much lower than what we had anticipated at study inception. Therefore, to partially counteract any resulting loss of power in detecting an intervention effect, we recruited an additional 10 participants (final N=170). Figure 2 presents the CONSORT flow diagram for the study. Of 387 individuals assessed for eligibility, 170 enrolled in the study. Of the 170 enrollees, 83 were randomly assigned to the RI group and 87 to the RC group.
Evaluability
A total of 166 out of 170 randomized participants were evaluable for the ITT analysis in that they: (a) received a 12-month skin check on or within 42 days after the 12-month due date; (b) had sufficient chart review data (i.e. regular chart entries and updates at RLANRC during the study period); or (c) participated in at least one data-collection phone interview. Eight of the 166 participants were only partially evaluable for the intent-to-treat analysis due to insufficient chart data (n=1), death (n=3), relocation out of the area (n=2), loss to follow-up (n=1), or withdrawal from the study (n=1). Of the 70 participants enrolled in the NCC group, 66 were evaluable at 12 months. Table 4 presents baseline characteristics of participants in the RI (n=82), RC (n=84), and non-randomized NCC (n=66) groups. Results of Fisher's exact tests or ANOVA analyses for between-group differences (RI, RC, NCC comparisons as well as RI, RC comparisons) were non-significant (all P values ≥ 0.13) on all baseline characteristics, indicating that the treatment groups were balanced with respect to age, sex, race/ethnicity, SCI level and completeness, time since SCI injury, education, income, diabetes and other comorbidities, body mass index (BMI), and risk level based on past PrI incidence.
Baseline Characteristics
The total sample (RI, RC, and NCC) was comprised primarily of males (87%) and racial/ethnic minorities (47% Hispanic, 31% African American). Thirty-seven percent of the sample had less than a high school education, and 57% had a household income of less than $1000 per month. Most participants were paraplegic (75%), as opposed to tetraplegic (25%), and had complete spinal cord injuries (71%). Ninety-eight percent of participants reported at least 1 comorbidity, and 39% reported 7 or more comorbidities. The majority of participants (59%) were classified as Risk Level I (≤ 1 MSPrI in the past 2 years and no current MSPrI) for MSPrIs. The cause of injury for intervention participants was recorded in treatment notes and indicated the following percentages: gunshot wounds (52%), motor vehicle accidents (35%), other/unknown (13%).
Intent-to-Treat Analysis
As shown in Table 5 , 41 MSPrIs occurred in the RC group and 45 occurred in the RI group during year 1, resulting in annual incidence rates of 0.48 and 0.56, respectively. Using the randomized control group as the reference, the rate ratio for serious MSPrIs in the RI group was 1.15 (95% confidence interval [CI] = [0.76, 1.76]). This ratio is not statistically significant. During year 2, the rate ratio remained non-significant, with 32 and 35 PrIs in RC and RI groups, respectively (rate ratio = 1.14, CI=0.72, 1.82).
Prospective Comparison
Results of the prospective cohort comparison analysis revealed that 41 MSPrIs occurred in the NCC group for an annual incidence rate of 0.65 (Table 5) . Although the rate for this group exceeded the rates for each of the two randomized groups, the differences failed to achieve statistical significance. The distribution of number of serious MSPrIs by individual was substantially the same in all three groups (data not shown).
Secondary Analyses
We also investigated if baseline values of selected variables were associated with MSPrI incidence ( , ≥7 compared to <7 other comorbidities (OR=2.0, 95% CI=1.2,3.6), and increased practice of preventive behaviors (OR=1.6, 95% CI=1.1,2.3 per 1 standard deviation in baseline score). In years 1 and 2 combined, the following variables were associated with MSPrI incidence: male sex (OR=2.7, 95% CI=1.0,7.4), household income <$1000 per month compared to $1000-1999 per month (OR=2.5, 95% CI=1.1,5.8), ≥7 compared to <7 other comorbidities (OR=2.1, 95% CI=1.1,4.1), and practice of preventive behaviors (OR=1.5, 95% CI=1.1,2.2 per 1 standard deviation in baseline score). There was no evidence that adjustment for any of these variables changed the treatment effect on MSPrI incidence. Eight PrI-related surgeries occurred during the treatment phase in each of the RI and RC groups, and 7 in the NCC group within the same time span. This incidence rate was too small to draw conclusions about an intervention effect. As shown in Table 7 , analyses of other secondary outcomes revealed that both the RI and RC groups improved significantly from baseline on many measures of health and well-being, including physical functioning (effect size=0.40 for RI and 0.50 for RC), physical role limitations (effect size=0.72 for RI and 0.32 for RC), emotional role limitations (effect size=0.31 for RI and 0.38 for RC), social functioning (effect size=0.28 for RI and 0.38 for RC), pain (effect size=0.41 for RI and 0.33 for RC), and depression (effect size=-0.36 for RI and -0.33 for RC). Further, a significant beneficial intervention vs. control group effect was detected for SF-36: Role LimitationsPhysical (P=0.0472). However, due to the number of hypotheses tests, this latter finding potentially reflects a Type 1 error.
Mediation Variable Analysis
Although our mediation model cannot be validated due to the null relationship between the intervention and the primary outcome, it is informative to investigate the effects of the intervention on the hypothesized mediators and of the hypothesized mediators on the primary outcome. Our model had predicted that increased practice of preventive behaviors (due directly to intervention effects on self-efficacy, PrI knowledge, and social support) would reduce MSPrI incidence. We found that the intervention compared to the RC group increased self-reported preventive behaviors significantly (P = 0.007; decrease of 0.11 in the RC group No single item appeared to dominate the overall improvement. However, increases in preventive behaviors were not significantly associated with decreases in MSPrI incidence (P = 0.08; data not shown).
Neither group evidenced significant changes in interpersonal support, PrI knowledge, or self-efficacy for PrI prevention (Table 7) .
Discussion
Intervention Efficacy
Counter to the main study hypothesis, the annualized MSPrI incidence rate did not differ significantly between the RI and RC groups during the intervention or follow-up phases. This non-significant outcome was puzzling because the intervention was very thorough Table 6 Odds ratio (OR) for incidence of one or more MSPrIs in year 1 and in years 1 and 2 combined by baseline risk factors -using logistic regression and participants strongly adhered to the program requirements. Below, we note several considerations to account for the lack of ability to detect an intervention effect. First, it is likely that the extreme pervasiveness of the MSPrI threat militated against the intervention's ability to effect prevention. Consistent with what we observed among socioeconomically disadvantaged individuals with SCI in our earlier publications, 20,21 the participants' lives were frequently characterized by chaotic circumstances such as homelessness, incarceration, or extremely limited finances. 19 In this regard, we observed in this study's intervener treatment notes that many MSPrIs occurred when participants did not have the necessary resources to respond to unforeseeable events: an air mattress suddenly broke, a participant's skin was exposed to prolonged pressure during an emergency plane flight, or an individual was incarcerated for two days and lacked appropriate medical care. Many of these occurrences demonstrated social determinants of health that extended beyond the intervention's reach. From a statistical vantage point, the highly haphazard development of PrIs likely created error variability, thereby impeding the ability to document the intervention's effect. Thus, despite the non-significant hypothesis test result, the intervention could have in fact been effective. What the study lacked, however, was sufficient power. In this regard, we chose the sample size based on an optimistic expected effect magnitude (50% MSPrI reduction) and overestimated the per-participant annualized MSPrI incidence (1.33). Given the obtained annualized incidence rate in the chief comparator group (0.48 in the RC group) and our final sample size (84 RC, 82 RI), power was only 57%, even after assuming a 50% PrI reduction effect. Further, although the intervention would still be meritorious if it reduced PrIs by far less than 50%, power for detecting such an effect would be minimal. For example, the average intervention cost was approximately $5,200 per participant, and treatment costs fall between $20,000 and $152,000 per MSPrI. 64 Therefore, an intervention that reduces
MSPrIs by 25% is likely to remain cost-effective in similar high-risk populations. Yet, the probability of achieving a significant result for such an intervention, given the sample size and actual PrI rate, would have only been 17%. Moreover, the 95% confidence intervals for intervention-based PrI rates in relation to the control groups are as follows: 24% decrease to 76% increase vs. RC; 44% decrease to 31% increase vs. NCC; and 30% decrease to 45% increase vs. combination of RC and NCC. Because these confidence intervals include regions of acceptable intervention effect, it remains statistically plausible that the intervention does, in fact, meaningfully reduce PrIs and that the experimentally obtained negative result reflects a type 2 error. The intent-to-treat result is also consistent with the possibility that the intervention has no effect, or that it increases PrI incidence. In this regard, the above confidence intervals for intervention-related MSPrI outcomes include high as well as near-zero rates relative to controls. With respect to the possibility of a nearzero effect, even if interveners can anticipate many PrI-inducing events, there is no guarantee that: (a) all risk events will be detected, (b) intervention recipients will consistently adhere to preventive recommendations, or (c) the recommendations will be effective, even if followed. The lack of correlation, both in the present study as well as in other investigations, between knowledge or practice of prescribed preventive procedures (e.g. pressure reliefs) and the development of MSPrIs corresponds with this interpretation. 25, 27 It is also possible that some aspects of the treatment supported prevention, but that in other ways the treatment inadvertently induced PrIs, resulting in a cancellation effect. A review of therapist treatment notes indicates that the interveners commonly expressed that a potential PrI was avoided because the participant followed prescribed recommendations. However, in other instances the intervention could have indirectly caused PrIs by increasing engagement in personally chosen, but nonetheless risk-inducing, activity. Although one intervention component entailed teaching participants to consider carefully any unintended consequences of increasing activity levels on PrI risk, the actual effect of such admonitions is unclear. In this regard, in our previous qualitative study we found that participants frequently incurred PrIs from engagement in personally valued activities such as work, school, or social outings, despite their knowledge that such activities would increase PrI risk. 20, 21, 65 Our study team made a considerable effort to reconcile diverse sources of information when determining whether an MSPrI was present. Therefore, it is unlikely that the non-significant experimental result was due to measurement unreliability. We realized during the course of the study that at least two commonly used methods for documenting PrIs-namely self-report and chart review-frequently produced surprisingly inaccurate and inconsistent results. For example, patient medical files often included contradictory PrI-relevant information. In light of such discrepancies, we undertook a cautious and extremely thorough assessment of medical charts, we relied on direct observation via skin checks and the BWAT, and we incorporated triangulation of all sources of information to assess PrI status. We have concluded that relying on any single source as the sole means of identifying or determining PrI stage in SCI populations is fraught with potential difficulties.
As previously noted, the NCC condition was included to gauge the MSPrI rate among similarly at-risk RLANRC consumers with SCI who did not receive quarterly research-related phone calls and other aspects of the RCT that might have affected study outcomes. Although the annualized MSPrI rate was higher in the NCC group than in both the RI and RC during the intervention year, these differences did not attain statistical significance. During Year 2 (followup) MSPrI rates for the RI and RC groups were 21% and 26% lower than the rate for the NCC group. If genuine, this degree of advantage for the two experimentally randomized groups would likely constitute effective prevention (due to elimination of one-fifth to one-fourth of MSPrIs, with probable intervention-based costsavings). However, these Year 2 differences from the NCC in annualized rates were not statistically reliable. Further, between-year differences in PrI outcomes, both within and between comparison groups, could in principle reflect time-based trends in MSPrI incidence. For example, changes in RLANRC Pressure Ulcer Management Clinic practices or shifts in the national economy could affect the ability to enact preventive options such as equipment repair.
Pre-to-Post Changes in Secondary Outcomes
At 12 months (and at 24 months --data not shown), both the RI and RC groups evidenced statistically significant gains relative to baseline on the majority of health-related quality of life variables, as measured by the SF-36. We offer two explanations for this finding. First, it is possible that both the RI and RC groups improved simultaneously due to regular contact via quarterly phone calls (RI and RC) and/or the PUPP intervention (RI). Because quality of life was not measured in the NCC group, it is difficult to evaluate this hypothesis. However, we did assess participants in the NCC group on depression, a construct reflecting quality of life. A comparison of mean change at 12 months from baseline revealed a trend toward greater reduction in depression among the two experimental groups relative to the NCC group (for combination of RI and RC groups, P=0.07, two-tailed). This partially supports the notion of genuine positive change in the RI and RC groups. A second possibility for this finding is that the health-related quality of life gains are artificial and stem from concerns such as social desirability, adaptations to repeated measurement, or anticipation of remuneration for study participation shortly following testing. Therefore, further research is needed to sort out potential intervention effects on quality of life. As we anticipated, self-reported enactment of preventive behaviors increased more in the RI condition than in the RC condition. If these self-reports are accurate, then this effect reveals that the intervention was beneficial in facilitating important intermediate steps that are theorized to prevent MSPrIs. Nevertheless, the RI group's mean degree of change in prevention behaviors was only 0.52 on a 10-point scale. It is also possible that RI participants over-reported more often than RC participants due to the intervention's prolonged focus on practicing prevention techniques. In any event, it is noteworthy that, within the RI condition, self-reported increases in preventive behaviors were unrelated to MSPrI incidence over the 12-month treatment interval-an observation consistent with the high occurrence of MSPrIs in the study population.
Prediction of MSPrIs
As expected, when we combined the RI and RC groups, risk level determined by previous history of MSPrI or a current MSPrI was the strongest predictor at baseline of new MSPrIs over the total 24-month observation period; those in the Risk Level II stratum were 4.2 times more likely to incur PrIs than those in the Risk Level I stratum. Based on non-experimental observations, individuals in the Level II stratum frequently face two types of threats: (a) susceptibility to MSPrIs repeatedly occurring in the same bodily location because of extensive damage due to frequent surgical repair, and (b) multiple additional factors such as substance abuse, depression, homelessness, or lack of caution (evidenced by a failure to adhere to recommended bed rest). Keeping these considerations in mind, it may be possible to identify a subgroup of individuals within the SCI population who are in dire need of effective preventive services.
The other persistent predictor of MSPrIs consisted of the overall number of co-morbidities and, specifically, the presence of diabetes (Year 1). Prior studies also support this claim by indicating that various co-morbidities, such as UTI, obesity, or CVD problems, compromise skin integrity. 33 Additional potential predictors, including tetraplegia (versus paraplegia) and spinal cord injury completeness, were related to MSPrIs, but failed to achieve statistical significance. Self-reported enactment of preventive behaviors at baseline was associated with more MSPrIs at both 12 and 24 months. The association was non-significant, however, after we adjusted for sex, risk group, diabetes, and other comorbidities. This lack of association is counter-intuitive and may potentially reflect the complex interplay of considerations such as the following: (a) individuals who know that they are at higher risk due to other reasons may be more likely to practice prevention techniques; (b) self-reports of preventive behaviors may frequently be inaccurate in this study population; or (c) the techniques in question may not be effective or may often be performed incorrectly. Nevertheless, the lack of observed association does not rule out the possibility that many participants performed the techniques correctly and, hence, reduced MSPrIs.
Limitations
Apart from the previously discussed lack of statistical power, a key limitation of this study pertains to the issue of generalizability. Compared to most SCI populations, the current study's participants have a much higher MSPrI rate, require a more intensive intervention, and sustain greater PrI risk even with intervention services. Consequently, the results may not be directly applicable to more typical SCI populations, which are likely to experience far fewer MSPrIs and are arguably better able to respond to PrI risk events that do occur. Likewise, it is important to note that results cannot be generalized to other geographical areas or types of healthcare settings. In this regard, different patterns of care, such as decisions about surgical intervention or longer appointment wait times, could affect the MSPrI incidence as well as intervention effectiveness. Despite our best efforts to tailor the intervention to our disadvantaged population, it is possible that it was overwhelming or otherwise a poor fit for some members of our study sample. An additional limitation is that the lack of a randomized no contact control group obscured the results insofar as it is difficult to estimate the effects of the regular phone interviews administered in the RC condition. This fact poses a final limitation: the rate of MSPrIs in the two control groups may have been deflated to some degree if a higher percentage of PrIs were reported in the RI condition due to increased vigilance or therapy-based prompts for treatment. This latter limitation reflects the possibility that some MSPrIs in one or both of the control groups may have emerged, and then improved, prior to the 12-or 24-month skin checks. However, the quarterly interviews as well as the frequency of medical visits in the control groups suggest that any between-group differences in detection are likely to have been minimal.
Future Directions
Although the present study's intervention effect remains unclear, there is no denying that the severe human suffering and exorbitant treatment costs associated with MSPrIs make it a priority to identify strategies to enhance prevention among individuals at high risk. To
Carlson et al. Lifestyle intervention for adults with spinal cord injury this end, our study team is currently investigating the causes of MSPrIs during the course of the PUPP intervention, as reported in the therapist notes. Our hope is that such investigation may provide clues to enhance future preventive efforts. At present, one potential cause of MSPrIs that we are considering is equipment issues; ostensibly preventable PrIs were noted to appear when items such as wheelchair cushions or mattresses broke down, or when vitally needed equipment was not available in a timely manner. Second, clients' personalized medical issues may have provoked the development of MSPrIs. Two such areas of concern include: (1) anatomical sites of previous skin breakdown which, given that this population had typically sustained multiple prior MSPrIs, proved to be the same location for a substantial percentage of newly emergent lesions 66 ; and (2) medical co-morbidities, especially diabetes, which can indirectly weaken skin integrity and impede wound healing. 42, 66 In this study we confirmed that previous PrIs, as well as diabetes and other comorbidities, predict the development of MSPrIs. These and other hypothesized risk factors should be studied further to better understand the course and critical events that lead from the risk factor to an incident low-stage PrI to a subsequent MSPrI. In 2014, the Pressure Ulcer Programme of Research published a pressure ulcer conceptual framework 67 that has implications for prevention-relevant theory development and research guidance. Broadening this framework from its biomechanical focus to additionally incorporate increased attention to social determinants may provide new ways to model PrI development and, thereby, enact prevention. Recently, hospitals have been particularly interested in reducing MSPrIs, partly because the 2008 Centers for Medicare and Medicaid Services policies denied Medicare payment for certain hospital-acquired conditions such as MSPrIs. Although community-dwelling individuals are outside of the direct influence of the healthcare system, researchers can benefit from the successes of hospitals that have implemented prevention programs by modifying their procedures to fit the SCI community-dwelling population.
When testing preventive interventions, given the low base rate of MSPrIs in SCI study populations, researchers should take particular care to ensure an adequate sample size. In conducting RCTs on populations with relatively low PrI rates, it is possible that only a very large multi-site study would suffice. On the other hand, restricting study participants to only those at the very highest levels of risk could increase RCT power. Even within our relatively high-risk sample, variation in risk was apparent at baseline. To test a promising intervention, researchers can use Salzberg's Pressure Ulcer Risk Assessment Scale for Individuals with Spinal Cord Injury 68 or a similar assessment tool to identify a very high-risk group. If a given intervention should prove to be effective for such individuals, then further research could investigate how to adapt it to the wider SCI population. Because multiple sites might be necessary to recruit the restricted population, it would also be very important to account for geographic and other site-related differences, which could affect PrI rates or intervention success.
Conclusions
1. Study results had wide confidence intervals, indicating that the true effect of the PUPP intervention remains uncertain. 2. Our results are consistent with the notion that regularly administered phone calls may facilitate prevention of MSPrIs; such an approach should continue to be pursued in future research because, if successful, it would likely be highly cost-effective. 3. The extreme nature of the current sample warrants caution in extrapolating the results to more typical SCI populations. 4. In the effort to identify successful interventions, there is a need to conduct research on the efficacy of various standard prevention practices, which currently have a weak evidence base and in the present study failed to correlate with PrI-related outcomes. 5. In future studies, measurement of PrIs should be undertaken cautiously, considering as much information as possible, as a simplistic reliance on participant reports or medical chart information could in many cases prove misleading. 6. Future researchers should be aware that there may be a tendency for participants who receive a behavioral intervention to report PrI incidence more frequently than those in a control condition. 7. The methodological and substantive findings of our study can inform future research in this area. They provide greater clarity with respect to such critical concerns as effect size estimation, constitution of control groups, PrI occurrence measurement methods, and the impact of social determinants on intervention outcomes. Despite the challenges inherent in conducting RCTs to evaluate the effectiveness of complex PrI prevention programs, such research is vitally important in attempting to improve the lives of people with SCI.
